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Question 1         (35 marks) 
It is desired to control the exit concentration 𝐶𝐶3 of a liquid blending tank as shown in the 
figure. Using the information below, do the following. 
 
a) Draw a block diagram for the composition control scheme.    
b) Derive an expression for each transfer function and substitute the constants with numerical 
values.           
 
 Figure 1 
The information of the system is as follow 
 
(i) The tank is perfectly mixed 
(ii) An overflow pipe is used to keep the level at 4 ft 
(iii) The volumetric flow rate and solute concentration of stream 2, 𝑞𝑞2 and 𝐶𝐶2, vary with 
time, whereas those of stream 1 are constant. 
(iv) The densities of all streams are the same and constant with time. 
(v) A 2 min time delay is associated with the compositions measurement. The transmission 
output signal varies linearly from 4 to 20 mA as 𝐶𝐶3 varies from 3 to 9 𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑙𝑙3�  
(vi) The pneumatic control valve has negligible dynamics. Its steady-state behaviour is 
summarized below where 𝑝𝑝𝑡𝑡 is the air pressure signal to the control valve from the I/P 
transducer 





(vii) An electronic, direct-acting PI controller is used 
(viii) The current to pressure transducer has negligible dynamics and a gain of 0.3 psi mA�  
(ix) There is a time delay between the temperature of the tank and the reading 
temperature at AT. 
(x) The nominal operating conditions are: 
𝜌𝜌 = 75 𝑙𝑙𝑙𝑙 𝑓𝑓𝑙𝑙3�       𝑞𝑞�1 = 𝑞𝑞�2 = 75 𝑙𝑙𝑙𝑙 𝑚𝑚𝑝𝑝𝑚𝑚�  
𝐶𝐶3̅ = 5 𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑙𝑙3�   𝐶𝐶2̅ = 7 𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑙𝑙3�   
𝐶𝐶1̅ = 2 𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑙𝑙3�              𝐷𝐷 = 4 𝑓𝑓𝑙𝑙   
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Question 2         (35 marks) 
The figure below shows a typical liquid level control system. Determine the numerical values of 
𝑘𝑘𝑐𝑐 and 𝜏𝜏𝐼𝐼 that result in an stable closed loop system. The level transmitter has negligible 
dynamics, while the control valve has a time constant of 10 s. Use the following values for your 
transfer function. 
 
 Figure 2 
 
𝐴𝐴 = 3 𝑓𝑓𝑙𝑙2, 𝑞𝑞�3 = 10 𝑔𝑔𝑔𝑔𝑙𝑙 𝑚𝑚𝑝𝑝𝑚𝑚� , 𝑘𝑘𝑣𝑣 = −1.3 𝑔𝑔𝑔𝑔𝑙𝑙 min𝑚𝑚𝐴𝐴� , and 𝑘𝑘𝑚𝑚 = 4.0  𝑚𝑚𝐴𝐴 𝑓𝑓𝑙𝑙�  
 
 
Question 3         (20 marks) 
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Question 4         (10 marks) 





The parameter values are R1 = 0.5 min/ft2, R2 = 2 min/ft2, A1 = 10 ft2, Kv = 2.5 cfm/mA, A2 = 
0.8 ft2, Km = 1.5 mA/ft, and Tm = 0.5 min. 
 
a) Calculate the PI setting parameters by using the Ziegler-Nichols rules  
b) What are the gain and phase margins? Assume R2 = 2 min/ft?   
 
The transfer function of the system is given by  
 
 
 
